ABSTRACT
INTRODUCTION
Land treatment is the controlled application of liquid, solid, and semisolid wastes to the upper zone, usually the top 6 to 12 inches, of a soil system for achieving treatment and simultaneous safe ultimate disposal. Objectives of land treatment are: 1) to prevent off-site migration of hazardous constituents via migration to ground and surface waters and transport through the atmosphere, and 2) to render the wastes less or non-hazardous through treatment.
Treatment includes the processes of degradation, transformation, and immobilization of hazardous constituents in a soil/waste mixture.
Land treatment of petroleum industry wastes involves the immobilization of metal constituents and the immobilization and biodégradation of organic constituents.
Land treatment has been used as a waste management technology by the U.S. petroleum industry for more than 25 years. Figure 1 shows the location of petroleum industry land treatment facilities in the United States.
The U.S. Environmental Protection Agency (EPA) has given an estimate of 100 land treatment facilities for the U.S. petroleum industry (1 Tables 3 and 4 include the ranges in depth to bedrock, water table, and usable aquifer, and identify site modifications for each facility. Thus (6, 7, 8, 9 Information not available.
range of values for biodégradation half-lives (site/soil characteristics), was to generate a matrix for evaluating the effect of design and site variables, and the interrelationships of these factors, on waste treatment.
The methodology used for calculating stabilized oil/soil concentrations is illustrated in Table 7 . As indicated in Table 7 Table 8 for ten of the thirteen facilities.
The predicted values for stabilized oil/soil concentrations (Table 8 ), using the methodology described, agree well with the results obtained for several other full scale petroleum refinery land treatment facilities in the U.S. (10) . Steady-state oil content in the zone of incorporation for full scale facilities reported by Brown (10) ranged from 3.5 percent to 8 percent.
A graphical representation of predicted stabilized residual oil/soil concentration values for eight of the thirteen facilities presented in Table 8 is shown in Figure 6 .
Waste degradation half-life is represented on the x-axis, waste application frequency is on the z-axis, and stabilized residual oil/soil concentration is on the y-axis.
The family of curves represents different waste application rates. A three-dimensional form was used in Figure 6 to visualize the effect of waste application frequency and changes in application frequency on the stabilized residual oil/soil concentration values. For example, Facility 03 (identified as G in Figure 6 ), using a 304 day half-life, 8 Figure  6 ), using the same half-life, 0.8 percent application rate, and a frequency of once a month for 10 months per year, resulted in a 13.8 percent stabilized residual oil/soil concentration value. Similarly for half-lives of 60 days, 125 days, and 146 days, stabilized residual oil/soil concentration values for Facility 09 were 9 fold, 4 fold, and 2.9 fold greater than Facility 03, respectively. Thus a 10 fold increase in waste application frequency resulted in a greater stabilized residual oil/soil concentration value even though the application rate was 10 fold less.
The interrelationships among waste application frequency, waste degradation half-life, and stabilized oil/soil concentration are illustrated in Figure 7 for an application rate of 0.3 percent oil in the soil and equal time intervals between waste application events. Matrices, such as Figure 7 , may be useful as engineering aids for designing and managing petroleum land treatment facilities. An important parameter that may be managed is the waste degradation half-life.
Pilot/bench scale studies can be utilized to evaluate half-life values for specific waste/site/soil management conditions (11) . Waste application rates can be determined from the quantity of waste produced, waste oil concentration, and the land area required for actual treatment (see example in Table 7 ). Waste application frequency is a function of waste quantity and waste generation frequency. With any three of the four parameters known (half-life, application rate, application frequency,^and stabilized residual oil/soil concentration), and assuming that half-life is independent of loading rate for the range of loading rates commonly used, the fourth parameter can then be determined.
Treatment area, waste incorporation zone, waste quantity applied, and waste application frequency are functions of the waste application rate and may also be obtained from Figure 7 . For example, consider that a decision has been made, based on toxicity of the waste to soil microorganisms (5) Figure 7 , a frequency of 24 applications per year using a 0.3 percent waste application rate will provide the targeted stabilized residual oil/soil concentration value. By using the calculations presented in Table 7 
